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,QWURGXFWLRQ
7KH*HRUJLD,QVWLWXWHRI7HFKQRORJ\DQG&KLOGUHQ¶V+HDOWKFDUHRI$WODQWD&+2$KDYHFROODERUDWHGIRU
WKUHH\HDUV WRHVWDEOLVKDFRPSUHKHQVLYHSURJUDPWRVWXG\DQG LPSURYH(&02WKHUDS\ 6WXGHQWV LQ WKH30$6(
SURJUDP KDYHZRUNHG FORVHO\ZLWK SK\VLFLDQV DW &+2$ WR DSSO\ V\VWHPV HQJLQHHULQJPHWKRGRORJLHV WR (&02
WKHUDS\V\VWHPVWKDWIRUPDOL]HWKH(&02GHVLJQDQGDSSOLFDWLRQSURFHVVHVWRLPSURYHSDWLHQWRXWFRPHV8QGHUWKH
SXUYLHZRI WKH(&02SURJUDPDVHULHVRISURMHFWVE\30$6(FRKRUWVKDYHEHHQXQGHUWDNHQ WRDQDO\]H(&02
WKHUDS\ DUFKLWHFWXUHV XVLQJ PRGHOEDVHG V\VWHPV HQJLQHHULQJ 0%6( WR LGHQWLI\ DQG FDSWXUH NH\ V\VWHP
FRPSRQHQWV DQG WKHLU UHODWLRQVKLSV LQ D UREXVW 6\VWHPV 0RGHOLQJ /DQJXDJH 6\V0/ IUDPHZRUN ,QLWLDOO\ D
ULJRURXVVWXG\RIWKH(&02GRPDLQZDVXVHGWRHVWDEOLVKDIUDPHZRUNIURPZKLFKWREDVHIXWXUH(&02V\VWHPV
HQJLQHHULQJGHVLJQV.H\VWDNHKROGHUVDQGGRPDLQUHODWLRQVKLSVZHUHLGHQWLILHGDQGEDVHOLQH6\V0/PRGHOVZHUH
FUHDWHG WR FDSWXUH WKRVH UHODWLRQVKLSV 6XEVHTXHQW HIIRUWV IRFXVHG RQ HODERUDWLRQ RI FLUFXLWV DW VHYHUDO (&02
FHQWHUV LQFOXGLQJ&+2$DQGPHGLFDOFHQWHUV LQ$UL]RQD&DOLIRUQLDDQG+DZDLL 'HWDLOHGFLUFXLWDQGFRPSRQHQW
LQIRUPDWLRQZDV FDSWXUHG LQ D FRPSUHKHQVLYH 6\V0/PRGHO 7KH FXUUHQW SKDVH EXLOGV RQ WKH ILQGLQJV RI SULRU
FRKRUWVDQGGHYHORSVDSURWRW\SHVRIWZDUHDSSOLFDWLRQGHVLJQWKDWIDFLOLWDWHVWKHFROOHFWLRQRI(&02FLUFXLWGDWDE\
VSHFLDOLVWVLQGLVWULEXWHGKHDOWKFDUHFHQWHUV
7KHJRDORI WKHFXUUHQWSKDVHLV WRSURYLGH(/62ZLWKDSURSRVHGPHWKRGWRFDSWXUHFULWLFDOFLUFXLWGDWD
QHHGHGIRUGHFLVLRQPDNLQJUHJDUGLQJWKHIXWXUHRI(&02WKHUDS\DQGRSWLPL]HGFLUFXLWDUFKLWHFWXUHV7KH('&7
SURMHFWZDVGULYHQE\ WKH LQKHUHQWXQFHUWDLQW\ LQ WKH(&02FLUFXLWV :LWKPRUH WKDQ(&02FHQWHUV LQ WKH
8QLWHG6WDWHVWKHUHLVQRVWDQGDUG)'$DSSURYHG(&02FLUFXLW$VVXFKWKHUHLVOLWWOHVFLHQWLILFGDWDWRVXSSRUW
WKHVHOHFWLRQRID³EHVWFLUFXLW´WKDWFDQEHVWXGLHGDQGRSWLPL]HGWRPD[LPL]HSDWLHQWRXWFRPHV
7REHWWHUXQGHUVWDQGWKHQHHGIRUWKHFUHDWLRQRIWKH('&7WKLVSDSHUZLOOILUVWH[SORUH(&02¶VSXUSRVH
SUREOHPVDQGFLUFXLWOLWHUDWXUH,WZLOOWKHQVKRZDV\VWHPVHQJLQHHULQJDSSURDFKWRWKHGHVLJQRIWKH('&77KLV
DSSURDFK VWDUWVZLWKGHWHUPLQLQJZK\ WKHUH LV DQHHG IRU D FROODERUDWLRQ WRRO ,W WKHQGLVFXVVHV WKH UHTXLUHPHQWV
DQDO\VLV DQG FRQFHSW H[SORUDWLRQ IROORZHG E\ D ULVN DQDO\VLV  $ SURWRW\SH RI WKH ('&7 ZDV FUHDWHG IRU ULVN
UHGXFWLRQ DQG DV SURRI RI FRQFHSW LV WKHQ KLJKOLJKWHG $ XVH FDVH RI WKH ('&7 XVLQJ 0%6( LV VKRZQ WR
GHPRQVWUDWHRQHZD\WKH('&7FDQEHXVHG7KHODVWSDUWRIWKHGHVLJQGHVFULEHVDSRWHQWLDOEDFNHQGDUFKLWHFWXUH
EULGJHEHWZHHQ WKHXVHU LQWHUIDFHDQGVWRUDJHRIFLUFXLW LQIRUPDWLRQ )LQDOO\ WKHFRQFOXVLRQZLOOJLYHVRPHILQDO
WKRXJKWVRQWKH('&7

(&023XUSRVHDQG3UREOHPV
(&02LVDOLIHVDYLQJPHGLFDOWKHUDS\WKDWKHOSVYHU\LOOSDWLHQWVZLWKOXQJDQGRUKHDUWDLOPHQWVKHDOE\
UHSOLFDWLQJ WKH IXQFWLRQV RI WKHVH RUJDQV ,W GRHV WKLV E\ SXPSLQJ EORRG IURP WKH ERG\ WR DQ H[WHUQDO
([WUDFRUSRUHDO ILOWUDWLRQDQGR[\JHQDWLRQV\VWHPWKDW UHPRYHVFDUERQGLR[LGHDQG LQMHFWVR[\JHQ LQWR WKHEORRG
EHIRUHUHWXUQLQJLWWRWKHSDWLHQW6LQFHWKHKHDUWDQGOXQJVDUHQRWUHTXLUHGWRZRUNWKH\KDYHWLPHWRKHDO
(&02 WKHUDS\ LV FRQVLGHUHG D KLJKULVN SURFHGXUH DQG LV RQO\ XVHG RQ WKH VLFNHVW RI SDWLHQWV )RU
H[DPSOH (&02 WKHUDS\ LV FRQVLGHUHG IRU QHRQDWHV ZKR KDYH VHYHUH UHVSLUDWRU\ IDLOXUH RQO\ LI WKHLU FKDQFH RI
VXUYLYDOZLWKRXWWKHWKHUDS\LVDSSUR[LPDWHO\+LVWRULFDOO\(&02KDVLQFUHDVHGWKHVHSDWLHQWVVXUYLYDOIURP
WR7KDWVXUYLYDOUDWHFRXOGEHKLJKHULIQRWIRUPHFKDQLFDODQGSDWLHQWFRPSOLFDWLRQV&ORWVDUHWKHPRVW
FRPPRQPHFKDQLFDOIDLOXUHDVWKH\RFFXULQRIFDVHV7RFRUUHFWWKHLVVXHRIEORRGFORWVIRUPLQJLQWKHFLUFXLW
DQWLFRDJXODQWGUXJVDUHDGPLQLVWHUHGWRWKHSDWLHQW +RZHYHULIWRRPXFKDQWLFRDJXODQWLVJLYHQWKHQLWFDQFDXVH
H[FHVVLYHEOHHGLQJZKLFKLVDSDWLHQWFRPSOLFDWLRQWKDWRFFXUVLQRIFDVHV ,IEOHHGLQJRFFXUVLQWKHEUDLQ
WKHQLWFDQOHDGWREUDLQGDPDJH&DQQXODLVVXHVDUHWKHVHFRQGPRVWFRPPRQPHFKDQLFDOIDLOXUHDW7KHDUHD
ZKHUHFDQQXODVDUHLQVHUWHGLQWRWKHERG\FDQFDXVHLQIHFWLRQZKLFKFRXOGUHVXOWLQIDWDOVHSVLV7KHPRVWFRPPRQ
FRPSOLFDWLRQVLQSDWLHQWVLQFOXGHFDUGLRSXOPRQDU\DWQHXURORJLFDWEOHHGLQJDWPHWDEROLFDW
UHQDODWDQGLQIHFWLRXVDW,QDGGLWLRQWREORRGFORWVDLUEXEEOHVFDQDOVREHFUHDWHGZLWKLQWKH(&02
FLUFXLWZKLFKFDQOHDGWRVWURNHV)LQDOO\DQ\RIWKHFRPSRQHQWVRIWKH(&02FLUFXLWFDQIDLOZLWKRXWQRWLFHVXFK
DVWKHR[\JHQDWRUVDWRURWKHULVVXHVDW,IWKLVRFFXUVWKHQWKHWHFKQLFLDQZLOOXVXDOO\KDYHPLQXWHVWR
UHVROYH WKH LVVXH EHIRUH WKH SDWLHQW GLHV $ FRPSOHWH OLVW RI NQRZQ VLGH HIIHFW LQFOXGHV WKURPERF\WRSHQLD
KHPRO\VLV DGYHUVH WLVVXH UHDFWLRQ LQDGHTXDWH JDV H[FKDQJH JDV HPEROLVP PHFKDQLFDO IDLOXUH KHPRUUKDJH
KHPRGLOXWLRQWKURPERVLVWKURPERHPEROLVPLQIHFWLRQDQGPHFKDQLFDOLQMXU\WRDFFHVVYHVVHOV

6XUYH\RI(&02&LUFXLW/LWHUDWXUH
(&02WKHUDS\UHVHDUFKDQGGHYHORSPHQWEHJDQDURXQGE\'U*LEERQZLWKWKHLQYHQWLRQRIDUROOHU
SXPS WKDW SURYLGHG H[WUDFRUSRUHDO VXSSRUW ,Q  WKH ILUVW EXEEOH R[\JHQDWRU ZDV XVHG LQ VXUJHU\ 7KHVH
DGYDQFHVOHGWRWKHILUVWSDWLHQWEHLQJWUHDWHGRXWVLGHRIWKHRSHUDWLQJURRPZLWKDQ(&02V\VWHPLQ(YHQ
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WKRXJK(&02V\VWHPVKDYHEHHQXVHGIRURYHU\HDUVWKHH[WHQWRISXEOLVKHGOLWHUDWXUHUHJDUGLQJWKHHQJLQHHULQJ
RI(&02FLUFXLWVDQGFRUUHODWLRQRIRXWFRPHVEDVHGRQFLUFXLWOD\RXWVSHFLILFVZDVIRXQGWREHODFNLQJ,Q
'ULQNHUQRWHGWKDW WKH ODFNRIXQGHUVWDQGLQJRI WKHEDVLFSK\VLRORJ\ OLPLWHG WKHGHYHORSPHQWRIDGHTXDWHFRQWURO
DQGPDQDJHPHQWVFKHPHV 5HVHDUFKGXULQJWKHODVWWZRGHFDGHVKDVIRFXVHGRQWKHPHGLFDODVSHFWVRIWKHWKHUDS\
ZKLOH HQJLQHHULQJ RI WKH FLUFXLW LWVHOI KDV ODUJHO\ EHHQ XQH[SORUHG UHO\LQJ RQ KLVWRULFDO SUHFHGHQW DQG ³WULEDO
NQRZOHGJH´IRUFLUFXLWGHVLJQ,Q6WRKUHWDOFRQVLGHUHGSDWLHQWRXWFRPHVEDVHGRQFLUFXLWFRQILJXUDWLRQLQ
SDWLHQWV ZLWK DFXWH UHVSLUDWRU\ GLVWUHVV V\QGURPH $5'6 7KLV VWXG\ FRQVLGHUHG YHQRDUWHULDO YD YHQRYHQXV
YY DQG YHQRYHQRDUWHULDO YYD FRQILJXUDWLRQV IRU WKH (&02 FLUFXLW EXW QRW WKH GHWDLOHG DUUDQJHPHQWV RI WKH
FRPSRQHQWVZLWKLQWKHFLUFXLW6WXG\GDWDLQGLFDWHGWKDWSDWLHQWVWUHDWHGZLWKYYDWHQGHGWRKDYHLPSURYHGGD\
PRUWDOLW\ UDWHV 6WRKU VSHFXODWHG WKDW WKH (&02 FRQILJXUDWLRQPD\ LPSDFW SDWLHQW RXWFRPH EDVHG RQ LPSURYHG
VXUYLYDORIYYDSDWLHQWV,Q3HHNHWDOVWXGLHGWKHSDWLHQWUHVSRQVHWRSURORQJHGH[SRVXUHWR(&02WKHUDS\
QRWLQJ WKDW VXFK WKHUDSLHV LQGXFH FRPSOH[ PXOWLIDFWRULDO ELRORJLFDO UHVSRQVHV WKDW DUH GLIILFXOW WR SUHGLFW DQG
FRQWURO EXW RIIHUHG QR DQDO\VLV RU FRQFOXVLRQV UHJDUGLQJ WKH FLUFXLWRXWFRPH FRUUHODWLRQV /HTXLHU / HW DO
VXPPDUL]HUHFHQWDGYDQFHVLQ(&02FLUFXLWU\LQFOXGLQJLPSURYHGELRFRPSDWLELOLW\RIFRPSRQHQWVLQGLUHFWFRQWDFW
ZLWKWKHEORRG,Q$GDPVDQG3LKHUDHVWDEOLVKHGDV\VWHPVHQJLQHHULQJIUDPHZRUNWRFDSWXUHWKHWHFKQLFDO
DVSHFWVRIWKH(&02FLUFXLWSURYLGLQJDJDWHZD\WRIXUWKHUHQJLQHHULQJUHVHDUFKDQGGHYHORSPHQWIRUWKH(&02
WKHUDS\FLUFXLW7KHFROODERUDWLRQWRROGHVFULEHGLQWKLVSDSHUWDNHVDGYDQWDJHRIWKHV\VWHPVHQJLQHHULQJZRUN
SLRQHHUHGE\$GDPVDQG3LKHUDDQGVHHNVWRDGYDQFHWKHHQJLQHHULQJVWXG\RI(&02FLUFXLWV

8QGHUVWDQGLQJWKH(&02&RPPXQLW\&ROODERUDWLRQ1HHGV
,GHQWLILFDWLRQRIWKHFXVWRPHU¶VWUXHQHHGLVWKHPRVWLPSRUWDQWDVSHFWRIHDUO\V\VWHPVHQJLQHHULQJGHVLJQ
7KH QHHG LV EDVHG RQ FXVWRPHU JRDOV DQG REMHFWLYHV DQG GULYHV DOO VXEVHTXHQW V\VWHP GHVLJQ DFWLYLWLHV 7KUHH
VRXUFHVIRUQHHGVDQDO\VLVZHUHXVHGLQWKHHDUO\VWDJHVRIWKH('&7GHYHORSPHQW)LUVWZDVWKHH[LVWLQJERG\RI
NQRZOHGJH FUHDWHG E\ WZR SUHYLRXV 30$6( FRKRUWV ZKLFK LQFOXGHG RYHUDUFKLQJ UHTXLUHPHQWV DQDO\VLV
VWDNHKROGHU LGHQWLILFDWLRQ DQG H[WHQVLYH V\VWHP PRGHOLQJ 6HFRQG D GHWDLOHG LQWHUYLHZ ZLWK WKH SK\VLFLDQ LQ
FKDUJHRI(&02DW&+2$DQGDWRXURIWKH(&02V\VWHPZHUHXVHGWRHOLFLWFULWLFDOLQIRUPDWLRQDQGYLVLRQRIWKH
(&02FRPPXQLW\QHHG7KHLQWHUYLHZZDVFRQGXFWHGDWWKH&+2$DQGWKHGHVLJQWHDPZDVDOORZHGWRREVHUYH
WKH(&02WKHUDS\LQXVHRQDQLQIDQWSDWLHQW7KHIROORZLQJNH\VWDWHPHQWVIURPWKHSK\VLFLDQZHUHXVHGWRJXLGH
WKHFRQFHSWGHYHORSPHQW ³>7KH(&02FRPPXQLW\@QHHGVDZD\ WRYLUWXDOO\EXLOGDQGGHVLJQZKDWDFLUFXLW
ORRNV OLNH WR VXSSOHPHQW GDWD LQ WKH(/62 UHJLVWU\´  ³7KHUH LV QRKDUG VFLHQFH DV WRZKHWKHU FHUWDLQ FLUFXLW
FRPSRQHQWVGRDJRRGMRERUQRW´DQG³2QFH>WKHFROODERUDWLRQ@WRROLVLQSODFH\HDUVRIGDWDPXVWEHFROOHFWHG
EHIRUHDQDO\VLVFDQRFFXU´ /DVWO\DOLWHUDWXUHUHYLHZZDVFRQGXFWHGWRFRUURERUDWHLQIRUPDWLRQDVVLPLODWHGIURP
WKH30$6(FRKRUWV DQG WKHSK\VLFLDQ 6LQFH WKHQHHGVDQDO\VLVSUHFHGHV DQGGULYHV UHTXLUHPHQWV DQDO\VLV LW LV
LPSRUWDQWWRLGHQWLI\WKHNH\QHHGVRWKDWDSSURSULDWHDQGDGHTXDWHUHTXLUHPHQWVFDQEHGHYHORSHG%DVHGRQWKH
QHHGVDQDO\VLVWKHIROORZLQJ(&02SURJUDPDQG('&7SURMHFWQHHGVWDWHPHQWVZHUHGHULYHG
(&02SURJUDPQHHG³7KHPHGLFDOFRPPXQLW\QHHGVDVDIHU(&02FLUFXLW WKDW LVPRUH UHOLDEOHPRUH
DXWRQRPRXV DQG HDVLHU WR GHSOR\ LQ RUGHU WR LQFUHDVH WKH TXDOLW\ RI(&02 WUHDWPHQWV SURPRWH VXUYLYDELOLW\ RI
SDWLHQWV ZLWK VHYHUH UHVSLUDWRU\ DQG FDUGLDF FRQGLWLRQV DQG WR UHGXFH WKH XVH RI OXQJGDPDJLQJ YHQWLODWRUV RQ
SDWLHQWV´
('&7 SURMHFW QHHG ³7KH (&02 FRPPXQLW\ QHHGV D ZD\ WR FKDUDFWHUL]H WKH SHUIRUPDQFH RI FXUUHQW
(&02FLUFXLWV DFURVV WKHZRUOG LQ RUGHU WR LGHQWLI\ DQG FRUUHFW GHVLJQ IODZV LQFUHDVH V\VWHP UHOLDELOLW\ DQG WR
VXSSRUWWKHGHYHORSPHQWRIDVWDQGDUGL]HGQH[WJHQHUDWLRQ(&02FLUFXLW´
)LJXUHVKRZVWKHFRQFHSWXDOYLHZRI WKH(&02WHFKQRORJ\ LPSURYHPHQWSURFHVV 7KH WRSVHFWLRQRI
ER[HV VKRZQZLWK VROLG OLQHV VKRZV WKH FXUUHQW SURFHVV  7KHPLGGOH VHFWLRQ RI ER[HVZLWK GDVKHG OLQHV VKRZV
ZKHUH WKH('&7ZRXOG EH XVHG WR FROOHFW GDWD  7KH ERWWRP VHFWLRQ ER[HVZLWK GRWWHG OLQHV VKRZV WKH IXWXUH
SURFHVVZKHUHWKH(&02FLUFXLWVZLOOEHLPSURYHGDQGVWDQGDUGL]HG
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Figure 1. Conceptual View of ECMO Technology Improvement Process. 

5HTXLUHPHQWV$QDO\VLVDQG&RQFHSW([SORUDWLRQ
&XVWRPHU DQG GHULYHG UHTXLUHPHQWV ZHUH XVHG WR JXLGH GHYHORSPHQW RI WKH RYHUDOO WRRO GHVLJQ DQG LQ
SDUWLFXODUWKHGHVLJQRIWKHXVHULQWHUIDFH7KHFXVWRPHULQGLFDWHGWKDWWKHXVHULQWHUIDFHVKRXOGSURYLGHDVLPSOH
LQWXLWLYHDQG³QRQWHFKQLFDO´XVHUH[SHULHQFHWRDOORZPHGLFDOVWDIIXVDJHZLWKRXWEHLQJGLVWUDFWHGE\WKHWHFKQLFDO
DVSHFWVRIFLUFXLWFDSWXUH7KHQRWLRQWKDWWKHWRROZRXOGEHLQVHUYLFHIRUPDQ\\HDUVEHIRUHDGHTXDWHVWDWLVWLFDOO\
VLJQLILFDQWGDWDFRXOGEHDQDO\]HGDOVRHPSKDVL]HG WKH LPSRUWDQFHRIDZHOOGHVLJQHGUREXVW LQWHUIDFH WKDWZRXOG
QHHGPLQLPDOUHZRUNRQFHGHSOR\HG$GGLWLRQDOO\WKHVFKHPDWLFFDSWXUHDSSURDFKPXVWDOVREHUREXVWWRFDSWXUH
H[LVWLQJ DQG IXWXUH FLUFXLW GHVLJQV $PDS RI NH\ GRPDLQ HOHPHQWV DQG WKHLU UHODWLRQVKLSV FDQ UHYHDO LPSRUWDQW
DVSHFWV RI WKH SRWHQWLDO VROXWLRQ VSDFH 2QH RI WKH HDUO\ LQWHUUHODWLRQVKLS GLJUDSKV ,' )LJXUH  EDVHG RQ
LQIRUPDWLRQHOLFLWHGGXULQJWKHFXVWRPHULQWHUYLHZUHYHDOHGWKDWDZHEVLWHIRUFROODERUDWLRQZDVUHOHYDQWWRPDQ\RI
WKHGRPDLQFRPSRQHQWV7KH,'VXJJHVWHGWKDWDNH\FRPSRQHQWLQWKHVROXWLRQGHVLJQVSDFHZRXOGEHDQRQOLQH
DSSOLFDWLRQ$GGLWLRQDODQDO\VLVDQGUHILQHPHQWRIWKLVFRQFHSWOHGWRWKHGHFLVLRQWRGHYHORSDIXQFWLRQDOSURWRW\SH
WRLQIRUPWKHV\VWHPHQJLQHHULQJGHVLJQ

Figure 2. Interrelationship diagraph showing connectivity of project elements. 
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$QDO\]LQJ5LVN
$VWUXFWXUHGULVNPDQDJHPHQWSURJUDPZDVHVWDEOLVKHGWRLGHQWLI\SULRULWL]HDQGKDQGOHPDMRUULVNVWRWKH
SURMHFW6HYHUDO ULVNVZHUH UHODWHG WR WKHXVHU LQWHUIDFH IXQFWLRQDOLW\DQGFKDUDFWHULVWLFV$FFRUGLQJ WR WKHSURMHFW
ULVNVFRULQJPDWUL[WKHVHXVHULQWHUIDFHULVNVVFRUHDWPHGLXPOHYHOVZLWKVLJQLILFDQWLPSDFWVWRFRVWVFKHGXOHDQG
WKHDELOLW\WRPHHWSURMHFWJRDOV%DVHGRQWKHULVNDQDO\VLVDPLWLJDWLRQVWUDWHJ\WKDWLQFOXGHGGHYHORSPHQWRIDULVN
UHGXFWLRQ IXQFWLRQDO SURWRW\SH ZDV LPSOHPHQWHG $V D UHVXOW WKH ('&7 LQWHUIDFH IXQFWLRQDO SURWRW\SH ZDV
FRPPLVVLRQHG 7KH WHDP IHOW WKDW WKH SURWRW\SH ZRXOG DOOHYLDWH PXFK RI WKH XQFHUWDLQW\ UHJDUGLQJ H[WHUQDO
LQWHUIDFHV ³ORRN DQG IHHO´ KRVW KDUGZDUH DQG VRIWZDUH DQG ZHE EURZVHU FRPSDWLELOLW\ 0RVW LPSRUWDQWO\ WKH
SURWRW\SHZRXOG SURYLGH DPHFKDQLVP IRU FRPPXQLFDWLRQ EHWZHHQ WKH GHVLJQ WHDP DQG WKH SURMHFW VSRQVRU DQG
XVHUV 7KLV FRPPXQLFDWLRQ LV FUXFLDO WR HQVXULQJ WKDW VXIILFLHQW GHWDLO DQG IXQFWLRQDOLW\ LV LQFOXGHG LQ WKH(/62
SURSRVDOLQRUGHUWRVHFXUHIXQGLQJIRUWKHIXOOVFDOH('&7GHYHORSPHQWDQGGHSOR\PHQW

5LVN5HGXFWLRQ)XQFWLRQDO3URWRW\SH
$6\V0/LQWHUQDOEORFNGLDJUDP,%'UHSUHVHQWLQJWKH&+2$(&02FLUFXLWLVVKRZQLQ)LJXUH:KLOH
WKLV UHSUHVHQWDWLRQDFFXUDWHO\FDSWXUHVDOO DVSHFWVRI WKHFLUFXLW DUFKLWHFWXUHDQG LQWHJUDWHV LQWR WKH IRUPDO0%6(
IUDPHZRUN IRU (&02 LW LV D KLJKO\ WHFKQLFDO YLHZ DQG GRHV QRW DGGUHVV WKH FXVWRPHU QHHG IRU D VLPSOH ³QRQ
WHFKQLFDO´LQWHUIDFH
  
Figure 3. SysML representation of an ECMO circuit. 

2Q WKHRWKHUKDQG WKH(&02'DWD&ROODERUDWLRQ7RRO ('&7GHPRQVWUDWLRQSURWRW\SH)LJXUHZDV
FRQFHLYHGDQGGHYHORSHGWRHOLFLWKXPDQLQWHUIDFHGHVLJQIHHGEDFNYLDDQLQWHUDFWLYHHQYLURQPHQW)LJXUHLVWKH
('&7 HTXLYDOHQW RI WKH 6\V0/PRGHO VKRZQ LQ )LJXUH  8VLQJ DQ DJLOH VRIWZDUH GHYHORSPHQW DSSURDFK WKH
('&7ZDV FUHDWHG XVLQJ VSULQWV W\SLFDOO\ ZHHNV LQ OHQJWK WR DGG LQFUHPHQWDO IXQFWLRQDOLW\ 7KH WRRO ZDV
SHULRGLFDOO\SXEOLVKHGWRDZHEVLWHWRDOORZWKHFXVWRPHUDQGRWKHUWHDPPHPEHUVWRRSHUDWHWKHWRRODQGSURYLGH
IHHGEDFNIRUJXLGLQJGHYHORSPHQWLQVXEVHTXHQWVSULQWV
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Figure 4.  ECMO Data Collaboration Tool (EDCT) user interface. 

7KHILUVWVSULQWLQYROYHGDWKRURXJKPDUNHWDQDO\VLVRIVRIWZDUHWRGHWHUPLQHWKHPRVWVXLWDEOHFRGHVXLWH
IRU FUHDWLQJ WKH ('&7 SURWRW\SH XVHU LQWHUIDFH  8OWLPDWHO\ D FRPELQDWLRQ RI +70/ &DVFDGLQJ 6W\OH 6KHHWV
&66DQG-DYDVFULSWZDVVHOHFWHG,QWKHQH[WVSULQWDGGLWLRQDOEDVHOLQHIXQFWLRQDOLW\ZDVLPSOHPHQWHGLQFOXGLQJ
FRPSRQHQW GUDJDQGGURS WR WKH VNHWFK DUHD LH FDQYDV DQG FRPSRQHQW FRQQHFWLYLW\ YLD EORRG IORZ OLQHV  $V
DGGLWLRQDO FRPSRQHQWVZHUH DGGHG WR WKH WRRO LQWHUIDFH DQG WKH WRROZDV SXEOLVKHG XVHU IHHGEDFN OHG WR VHYHUDO
HYROXWLRQDU\LPSURYHPHQWV)LUVWZDVWKHLPSOHPHQWDWLRQRIDQDFFRUGLRQVW\OHFRQWDLQHUVKRZQRQWKHOHIWVLGHRI
)LJXUHWRVWRUHDQGGLVSOD\DYDLODEOHFLUFXLWFRPSRQHQWV,QWKLVZD\PRVWXQXVHGFRPSRQHQWVDUHKLGGHQEHKLQG
WDEV DOORZLQJPRUH HIILFLHQW XVH RI WKH DYDLODEOH VFUHHQ VSDFH DQG SURYLGLQJPRUH FDQYDV DUHD IRU GUDZLQJ WKH
FLUFXLW7KHILQDOWZRVSULQWVUHVXOWHGLQWKHLQWHJUDWLRQRIPHWDGDWDVKRZQRQWKHULJKWVLGHRI)LJXUHZKHQWKH
XVHUVHOHFWVDFRPSRQHQW7KLVEDVLFFLUFXLWDUFKLWHFWXUHLVDFFHVVHGE\FOLFNLQJ)LOH!2SHQ6DYHG&LUFXLW'UDZLQJ
DQGDGGVDSSOLFDEOHFRPSRQHQWVWRWKHFDQYDVZLWKRXWFRQQHFWLRQOLQHV7KHRSHUDWRUWKHQVLPSO\DGGVWKHSURSHU
FRQQHFWLRQOLQHVWRFRPSOHWHWKHFLUFXLW,WLVWKLVLWHUDWLYHIHHGEDFNIURPKDQGVRQXVHRIWKHWRROWKDWDOORZHGWKH
GHVLJQ WHDP WR TXLFNO\ LPSOHPHQW GHVLJQ FKDQJHV DQG DFFHOHUDWH WKH GHVLJQ F\FOH  'HYHORSPHQW RI WKH XVHU
LQWHUIDFH ULVN UHGXFWLRQ IXQFWLRQDO SURWRW\SH LQYROYHG FRQVLGHUDEOH HIIRUW +RZHYHU LWZDV DQ HVVHQWLDO V\VWHPV
HQJLQHHULQJ GHVLJQ WRRO IRU DVVHVVLQJ WKH XVHU H[SHULHQFH DQG GULYLQJ WKH LQWHUIDFH GHVLJQ VSHFLILFDWLRQ  7KH
SURWRW\SHSURYLGHGLQYDOXDEOHIHHGEDFNLQWRWKHUHTXLUHPHQWVYHULILFDWLRQDQGYDOLGDWLRQSURFHVVDQGSURPRWHGWKH
WHFKQRORJ\ UHDGLQHVV OHYHO 75/ RI WKH RYHUDOO V\VWHP E\ HYROYLQJ WKH GHVLJQ EH\RQG VWDWLF FRQFHSWV  %\
LQWURGXFLQJ WKHGLPHQVLRQRI UHDOWLPHXVHUH[SHULHQFH LQWR WKHGHVLJQF\FOH WKH WHDPZDVDEOH WR UHGXFHRYHUDOO
SURMHFWULVN

('&78VH&DVH
2QHZD\WRXVH0%6(LVWRGHILQHWKHXVHFDVHVIRUWKHSURGXFWDVVHHQLQ)LJXUHEHORZ7KH(&02
VSHFLDOLVW EHJLQV E\ GHILQLQJ D QHZ FLUFXLW RU PRGLI\LQJ DQ H[LVWLQJ RQH XVLQJ WKH ('&7  2QFH WKH FLUFXLW LV
FRPSOHWHGWKH(/62DGPLQLVWUDWRURUERDUGZLOOUHYLHZWKHFLUFXLWIRUDSSURYDO,IWKHFLUFXLWLVDSSURYHGWKHQLW
ZLOOEHDGGHGWRWKH(/62UHJLVWU\7KHGRFWRUVFDQXVHWKHWRROWRGHILQHQHZFLUFXLWVDVZHOODQGWKH\FDQXVHLWWR
FRPSDUH GLIIHUHQW FLUFXLWV WKDW DUH D SDUW RI WKH UHJLVWU\  ,Q DGGLWLRQ WR DGGLQJ QHZ FLUFXLWV WR WKH UHJLVWU\ WKH
DGPLQLVWUDWRUVPDLQWDLQWKHUHJLVWU\
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
Figure 5. EDCT Use Case 

&DSWXULQJ(&02&LUFXLW$UFKLWHFWXUHV
7KHSULPDU\XVHULQWHUIDFHIRUWKH('&7LVWKHVFKHPDWLFHGLWRU*8,2SHUDWLRQDOO\WKH*8,DOORZVWKH
XVHUWRGUDJDQGGURSFLUFXLWFRPSRQHQWVRQWRWKHFLUFXLWVNHWFKSDOHWWHDQGWKHQDWWDFKFRQQHFWLRQOLQHVLHWXEHV
EHWZHHQ FRPSRQHQWV 7KHGHVLJQ LQWHQW RI WKH*8, LV WR VLPSOLI\ WKH FLUFXLW VNHWFKSURFHVV VR WKDW WKH RSHUDWRU
FRQFHQWUDWHV RQ FLUFXLW GRFXPHQWDWLRQ DQG QRW WKH WHFKQLFDO DVSHFWV RI KRZ WKH FLUFXLW PXVW EH VWRUHG LQ WKH
GDWDEDVH7RDFFRPPRGDWHWKLVIXQFWLRQDOLW\DEULGJHEHWZHHQWKHXVHULQWHUIDFHDQGVWRUDJHRIFLUFXLWLQIRUPDWLRQ
PXVWEHGHILQHG$VVXFKDPHWKRGRIUHSUHVHQWLQJWKH(&02FLUFXLWVNHWFKZDVGHYLVHGWRDOORZHIILFLHQWVWRUDJH
UHFDOO DQGGLVSOD\RI FLUFXLW DUFKLWHFWXUHV $ W\SLFDO FLUFXLW FRQVLVWV RI WKH FRPSRQHQWV OLVWHG LQ7DEOH WKDW DUH
DUUDQJHGLQDVSHFLILFRUGHUDVGHVLJQHGE\WKH(&02VSHFLDOLVWRUELRPHGLFDOHQJLQHHU)LJXUHLVDPHGLFDOYLHZ
VNHWFKRIDW\SLFDO(&02FLUFXLWVKRZLQJWKHEORRGIORZDQGDUUDQJHPHQWRIFLUFXLWFRPSRQHQWV$IWHUWKHFLUFXLW
KDVEHHQVNHWFKHGE\ WKHRSHUDWRU LW LV UHVWUXFWXUHGDVDQRGHPDSZKHUHHDFKFRPSRQHQW WKDW LV LQFRQWDFWZLWK
EORRGLVDVVLJQHGDXQLTXHLGHQWLILFDWLRQWDJDQGQRGHVDUHGHILQHGDWWKHLQSXWDQGRXWSXWVLGHRIHDFKFRPSRQHQW

             Table 1.  Common ECMO circuit components. 
&RPSRQHQW 'HVFULSWLRQ
3DWLHQW 6WDUWLQJDQGHQGLQJSRLQWIRU
WKHFLUFXLW
%ORRGWXELQJ 3RO\YLQ\OFKORULGHPL[HGZLWK
SODFWLFL]HU
%ORRGSXPSV 5ROOHUDQGFHQWULIXJDOW\SHV
2[\JHQDWRUJDV
H[FKDQJHU
$GGVR[\JHQWREORRGDQG
UHPRYHV&2
+HDWH[FKDQJHU :DUPVEORRGSULRUWRUHWXUQLQJ
WRSDWLHQW


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Figure 6.  Notional ECMO circuit layout.14 

0DSSLQJWKHFLUFXLWLQ)LJXUHRQWRDQRGDOQHWZRUNUHVXOWVLQWKHVFKHPDWLFVKRZQLQ)LJXUHZKHUHHDFK
FRPSRQHQW LQ WKH(&02FLUFXLW LVDVVLJQHGDXQLTXHGHVLJQDWRUDQGQRGHVDUHGHILQHGDW WKH LQWHUIDFHRI WZRRU
PRUH FRPSRQHQWV 7KH QRGHV HVWDEOLVK DQ RUGHU WR WKH FRPSRQHQW OD\RXW DQG DOORZ WKH FLUFXLW WR EH GHILQHG
XQDPELJXRXVO\:KHQDOOFRPSRQHQWVDUHLQWHJUDWHGLQWRWKHFLUFXLWDQHWOLVWLVSURGXFHGWKDWGHILQHVWKH(&02
FLUFXLW %\FRQYHQWLRQ EORRG IORZ LV HVWDEOLVKHG IURPQRGH WRQRGHZLWKQRGH DQGEHLQJGHILQHG DV DQ
LQWHUIDFHWRWKHGUDLQDQGUHWXUQFDQQXODV


Figure 7.  Node map of a typical ECMO circuit. 
&RQFOXVLRQ
'HYHORSPHQW RI WKH (&02 'DWD &ROODERUDWLRQ 7RRO GHPRQVWUDWHV WKH YDOXH RI DSSO\LQJ V\VWHPV
HQJLQHHULQJ PHWKRGV WR XQFRQYHQWLRQDO GRPDLQV 6\VWHPV HQJLQHHULQJ PHWKRGRORJLHV KDYH EHHQ DSSOLHG WR WKH
(&02WKHUDS\GRPDLQLQDQHYROXWLRQDU\SURFHVVWKDWKDVPRYHGIURPGHWDLOHGDQDO\VLVRIH[LVWLQJFLUFXLWVWRWKH
GHVLJQRIDFROODERUDWLYHGDWDFROOHFWLRQWRROWKDWFDQEHXVHGLQWKHGHVLJQRI1H[W*HQ(&02FLUFXLWV7KHKLJK
OHYHOV\VWHPGHVLJQIRUDQ(&02'DWD&ROODERUDWLRQ7RROKDVEHHQGHYHORSHGDQGWKHXWLOLW\RIXVLQJDIXQFWLRQDO
SURWRW\SH WRDFFHOHUDWHXVHU LQWHUIDFHGHVLJQDQGUHGXFHULVNKDVEHHQGHPRQVWUDWHG 7KHJRDORI WKH('&7LV WR
HQDEOH(&02FLUFXLWVSHFLILFGDWDFROOHFWLRQWRVXSSOHPHQWWKH(/62UHJLVWU\DQGSURYLGHDGGLWLRQDOLQIRUPDWLRQWR
SK\VLFLDQV ZKHQ PDNLQJ GHFLVLRQ UHJDUGLQJ (&02 WKHUDS\ LPSOHPHQWDWLRQ $Q DSSURDFK IRU WUDQVODWLQJ WKH
(&02 FLUFXLW OD\RXW WR D QRGDO UHSUHVHQWDWLRQ KDV EHHQ SURSRVHG WR IDFLOLWDWH FRPSDWLELOLW\ ZLWK GDWDEDVH
DSSOLFDWLRQV$GGLWLRQDOGHYHORSPHQWDOZRUNZLOOEHUHTXLUHGWRWUDQVLWLRQWKH('&7IURPHQJLQHHULQJFRQFHSWWR
IXQFWLRQDODSSOLFDWLRQ
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